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Marine and terrestrial palynomorphs from the Loma de los Piojos section of the 22 
Precordillera Basin, western Argentina, were analyzed. The studied section embraces 23 
the upper part of the Lower Devonian Talacasto Formation and the whole Lower-24 
Middle? Devonian Punta Negra Formation, which constitute the Gualilán Group. 25 
Terrestrial palynomorphs dominate the Lower Devonian Talacasto Formation whereas 26 
marine palynomorphs dominate the Lower-Middle? Devonian Punta Negra Formation. 27 















they enable, together with previous palynological data, a new biostratigraphic 29 
interpretation for the Devonian units of the Gualilán Group. In addition, an age 30 
reassessment of the guide horizon of Keidel (1921), and a correlation of sections from 31 
different parts of the basin are provided. Based on palynological data, the age of the 32 
Talacasto Formation is constrained to the Lochkovian-late Pragian and the age of the 33 
Punta Negra Formation is now considered to be restricted to the late Pragian-Emsian, 34 
although a younger age for the uppermost part of Punta Negra is possible.  35 
 36 
Keywords 37 
Devonian; Argentinean Precordillera; organic-walled phytoplankton; miospores; 38 
biostratigraphy. 39 
 40 
1. Introduction 41 
Paleobiogeographic particularities of the Devonian basins from Southwestern 42 
Gondwana have greatly hindered regional or wider biostratigraphic accuracy based on 43 
faunas. This region, known as the Malvinokaffric Realm (Richter and Richter, 1942), 44 
corresponds to a major marine paleobiogeographic unit developed in circum-polar 45 
austral cool/cold water settings, mainly recognizable from the Lower-Middle Devonian 46 
of southern South America, South Africa and Antarctica. It is characterized by the 47 
virtual absence of typical Paleozoic biostratigraphic guide groups such as conodonts, 48 
graptolites and goniatites (Boucot and Racheboeuf, 1993) and the endemism of its 49 
faunas in South American basins, except in the northernmost ones. Accordingly, 50 
palynostratigraphy has proven to be critical in order to reach biostratigraphic proposals 51 
for international comparisons and correlations of the Malvinokaffric sedimentary 52 
successions (e.g. Grahn, 2002, 2005; Loboziak and Melo, 2002; Melo and Loboziak, 53 
2003; Rubinstein et al., 2005, 2008; Troth, 2011; Grahn et al., 2013). However, in the 54 
Precordillera Basin of central-west Argentina, the palynology of the Lower Devonian 55 
successions is still poorly known. 56 
 The Early-Middle Devonian of the Central Argentine Precordillera is represented by 57 
the Gualilán Group (Baldis, 1975), which includes the Talacasto (Padula et al., 1967) 58 
and the Punta Negra (Bracaccini, 1949) formations. Despite their extensive exposures, 59 















formations have been proposed based on alternative macrofaunistic groups, mainly 61 
brachiopods and trilobites (e.g. Benedetto et al., 1992; Herrera, 1993, 1995; Herrera and 62 
Bustos, 2001; Holloway and Rustán, 2012). Even though the information provided by 63 
these benthic groups has been relevant, in many cases, comprehensive revisions are 64 
needed, particularly taking into account changes in the stratigraphic range of index taxa, 65 
derived either from new worldwide findings or from age revisions of the units from 66 
which they were originally reported.  67 
The first palynological reports from these Devonian units were restricted to the 68 
basal part of the Talacasto Formation at Cerro del Fuerte locality (Le Hérissé et al., 69 
1997) and two levels of the Punta Negra Formation in the Talacasto Creek (Rubinstein, 70 
1999, 2000). Although these papers represent very relevant biostratigraphic studies in 71 
the region, they also include inconsistencies in the species designation that require 72 
further revision.  73 
Recently, more extensive palynological studies from the Talacasto and Punta 74 
Negra formations were carried out at Cerro La Chilca and Talacasto Creek areas (García 75 
Muro et al., 2017). The recorded assemblages, dominated by marine organic walled 76 
microphytoplankton, allow constraining the age of the Talacasto Formation to the 77 
Lochkovian- probably late Pragian and the lower part of the Punta Negra Formation to 78 
the early Emsian. Furthemore, the age of the marker horizon identified by Keidel (1921) 79 
and Astini (1991) was restricted to the late Pragian-early Emsian. 80 
Paleobiogeographically, the record of typical Gondwanan taxa suggested affinities with 81 
this paleocontinent. 82 
In the present contribution, the upper part of the Talacasto Formation and the 83 
complete Punta Negra Formation at Loma de los Piojos, where the thickest Devonian 84 
successions crop out, were analyzed. In a reliable stratigraphic framework controlled by 85 
the Keidel marker horizon, the record of new palynological data contributes to better 86 
constrain the ages and the stratigraphic relationships around the boundary of these units 87 
and to accurately date the guide stratigraphic horizon involved.  88 
1.1. Geological setting of the Gualilán Group 89 
The Devonian outcrops of the Gualilán Group, extend mainly along the Central 90 















than 150 km, from Río Jáchal in the north to Río San Juan in the south (Fig. 1). Some 92 
additional outcrops, lateral equivalents to the lower part of the Talacasto Formation, 93 
were recognized in the Province of La Rioja, nearly 170 km to the north of the Jáchal 94 
área (Rubinstein et al., 2010; Rustán and Vaccari,  2010a). 95 
The Talacasto Formation overlies the mainly Upper Silurian Los Espejos 96 
Formation by a paraconformity (Astini and Maretto, 1996). To the south, the hiatus 97 
encompasses a Ludlow to lowest Lochkovian interval.  However, to the north, near the 98 
Jáchal river the Silurian-Devonian boundary has been recognized in the uppermost 99 
interval of the Los Espejos Formation (Benedetto et al., 1992; Carrera et al., 2013; 100 
García Muro et al., 2014a; García Muro and Rubinstein, 2015).. The lower part of the 101 
unit typically displays Lochkovian to Pragian intensely bioturbated dark mudstone 102 
levels (Fig. 2), interpreted as an external muddy platform with no influence of wave 103 
action and a low sedimentation rate (Astini, 1991). Towards the top, it passes to  sand-104 
rich deposits influenced by wave action (Astini, 1991; Carrera and Rustán, 2015; 105 
Rustán and Balseiro, 2016). The Talacasto Formation was considered as a muddy-shelf 106 
depositional system, developed during a high stand (Astini, 1991). 107 
The upper part of the Talacasto Formation contains a nearly 10 m-thick 108 
distinctive ochre, nodule-bearing fossiliferous horizon, interpreted as a marker horizon 109 
by Keidel (1921) and Astini (1991). The Punta Negra Formation overlies the Talacasto 110 
Formation by a paraconformity that is younger to the north (Salas et al., 2013 and 111 
references therein). In the southern sections near the San Juan river, the Punta Negra 112 
Formation lies directly above Keidel’s horizon through a 40 m-thick interval of 113 
alternating purple and green pelites (García Muro et al., 2017). By contrast, in the Loma 114 
de los Piojos locality (Fig. 1), the Talacasto Formation extends ca. 300 m above 115 
Keidel’s horizon (Rustán, 2016), and the overlying Punta Negra Formation includes at 116 
the lower part ca. 210 m of light green mudstones. According to the palynological 117 
results at the Cerro La Chilca section (García Muro et al., 2017), the layers of the 118 
Talacasto Formation located immediately above Keidel´s marker horizon would be 119 
Pragian to possibly late Pragian in age, in contrast with the previously proposed early 120 
Emsian age based on brachiopods (Herrera, 1993, 1995; Rustán and Vaccari, 2010b; 121 















Toward the top, the Punta Negra Formation consists of a coarser and thicker 123 
succession of intercalated green to blackish-green sandstones and siltstones (Fig. 2). In 124 
the Loma de Los Piojos section, the Punta Negra Formation is not arrange in such 125 
typical tabular heterolithic rhythmic layers as in the type section in the San Juan river 126 
area. The uppermost part of the unit is covered by the Upper Carboniferous glacial 127 
diamictite of the Guandacol Formation (Cuerda, 1965). The depositional environment 128 
of the Punta Negra Formation has been extensively discussed and interpreted as 129 
deposits of submarine fans (e.g. González Bonorino, 1975), a submarine fan with storm 130 
events (Herrera and Bustos, 2001), deltaic deposits (Bustos and Astini, 1997) or shallow 131 
low-energy marine deposits evolving towards turbiditic sandstone beds (Edwards et al., 132 
2009). 133 
The Loma de los Piojos section is located ca. 8 km southwest of Jáchal city. In 134 
this locality, the Talacasto Formation reaches 1145 m, the maximum thickness of the 135 
unit. In turn, the Punta Negra Formation is approximately 1000 m thick to the south of 136 
the basin whereas in the surveyed transect it is restricted to nearly 350 m due to a strong 137 
erosive paleorelief filled with the glacial diamictites representing the base of the 138 
Carboniferous Guandacol Formation. On the basis of the trilobite Acanthopyge 139 
(Lobopyge) balliviani (Kozłowski, 1923) reported by Rustán and Vaccari (2010a) in the 140 
very same transect, the layers located about 250 m above the base of the Punta Negra 141 
Formation were considered Middle Devonian in age. Taking into account the lithology, 142 
the stratigraphic position and the brachiopod fauna, such as Salopina and Metaplasia 143 
(L. Benedetto, personal communication), these strata were correlated with those 144 
reported in a similar stratigraphic position at the southwest Río de las Chacritas section 145 
and dated as Emsian by Herrera and Bustos (2001). 146 
2. Materials and Methods 147 
Fifty palynological samples from the Loma de los Piojos locality in an east-west 148 
transect situated at 30º 18,504’ S/68º 47,399’ W were analyzed. Fifteen samples were 149 
collected from the upper 250 m of the Talacasto Formation and 35 samples from the 150 
lower 320 m of the Punta Negra Formation, that is up to the erosive discordance of the 151 
base of the Upper Carboniferous Guandacol Formation (Fig. 2).  152 
The samples were processed in the Palaeopalynology Laboratory of IANIGLA, 153 















acid maceration technique (Traverse, 2007). The organic residue was sieved through a 155 
10 µm mesh and, when necessary, oxidized for 1 or 2 minutes with nitric acid (HNO3).  156 
The palynomorphs were mounted in glycerin jelly as permanent palynological slides 157 
and examined using light microscopy and differential interference contrast (DIC) when 158 
the palynomorphs were transparent. 159 
A set of samples from the Punta Negra Formation, which yielded scarce 160 
palynomorphs, was also processed at the University of Liège, Belgium. The samples 161 
were processed by a similar acid maceration technique, although all of them were 162 
oxidized in low-grade Schulze solution (HNO3 and KClO3) and sieved through a 12 µm 163 
mesh. The samples corresponding to each level are listed in Table 1 and numbered from 164 
1 to 50, from the bottom to the top of the section. 165 
The slides are housed in the palaeopalynological collection of IANIGLA, CCT 166 
CONICET Mendoza, Argentina. Each figured palynomorph is located by slide numbers 167 
and England Finder coordinates between brackets. 168 
3. Results 169 
The Talacasto and the Punta Negra formations at the Loma de los Piojos section, 170 
yielded poorly preserved marine and terrestrial palynological assemblages of low 171 
diversity. Palynomorph identifications at the species or generic level were possible in a 172 
total of 26 levels, and they are illustrated in Figures 3-5. In the other levels, the 173 
palynomorphs were carbonized, broken and dark brown to black in color, thus hindering 174 
their identification even as a marine or terrestrial group. 175 
The studied section of the Talacasto Formation, which ranges from two meters 176 
below Keidel’s horizon up to the top of the formation, nearly 250 m above such 177 
horizon, yielded badly preserved palynomorphs. In most of the levels, only a few 178 
palynomorphs, mainly miospores, were identified (Fig. 3). The presence of trilete spores 179 
cf. Verrucosisporites sp. and ?Knoxisporites riondae, in the lowermost studied level is 180 
highlighted. The following levels lack biostratigraphically relevant palynomorphs. 181 
The uppermost studied level of the Talacasto Formation (level 15), located 182 
approximately 230 m above Keidel’s horizon, yielded the most abundant and diversified 183 
assemblage, with 10 miospore species, four organic-walled microphytoplankton species, 184 















as Dibolisporites echinaceus, Dictyotriletes emsiensis Morphon and ?Knoxisporites 186 
riondae, were recognized in this level. This is the only level containing some 187 
identifiable marine organic-walled microphytoplankton species, such as Diexallophasis 188 
remota Group and Veryhachium trispinosum Group, although they are 189 
biostratigraphically widely distributed in Lower Paleozoic rocks and thus not useful to 190 
accurately date this part of the section. 191 
The Punta Negra Formation yielded a more diverse and better preserved 192 
palynomorph assemblage than the Talacasto Formation. The marine organic-walled 193 
microphytoplankton was more abundant and diverse than the terrestrial palynomorphs. 194 
A few fresh water acritarch taxa are also present (Figs. 4 and 5). The lower light green 195 
mudstone-rich interval of approximately 210 m yielded very scarce species such as 196 
Schizocystia saharica and Estiastra rugosa. Upwards in the sequence, in level 32, close 197 
to the coarser succession of intercalated greenish-gray wackes and siltstones, some 198 
miospores including Cymbosporites proteus occur. Levels 33 to 39 contained some 199 
biostratigraphically relevant organic-walled microphytoplankton species such as 200 
Bimerga paulae and Navifusa bacilla, and the miospore Chelinospora verrucata 201 
Morphon. The upper 80 m of the section, below the Carboniferous diamictite of the 202 
Guandacol Formation, yielded poorly preserved palynomorphs with no biostratigraphic 203 
value. 204 
The complete list of species recorded in the section is given in the appendix. The 205 
corresponding illustrations are depicted in Figures 6-10. 206 
4. Discussion 207 
4.1. Biostratigraphy 208 
Le Hérissé et al. (1997) studied the lower part of the Talacasto Formation 209 
recording more than 50 species with scarse biotratigraphic value. Nevertheless, 210 
according to these authors, the chitinozoan Urochitina loboi Volkheimer et al., 1986, 211 
the acritarchs Demorhethium lappaceum Loeblich and Wicander 1974 and Schizocystia 212 
pilosa, and the trilete spores Dibolisporites echinaceus and Dictyotiletes emsiensis 213 
Morphon, would suggest a maximum Lochkovian age for this part of the unit. Later, the 214 
Silurian/Devonian boundary was recognized within the underlying Los Espejos 215 
Formation by García Muro et al. (2014a) based on palynomorphs. These authors dated 216 















Talacasto Formation at the Río Jáchal locality as Lochkovian. This age is supported by 218 
the occurrence of the spores cf. Streelispora newportensis (Chaloner and Streel) 219 
Richardson and Lister 1969, cf. Dictyotriletes emsiensis Morphon, Cymbosporites 220 
paulus? in Wellman (1993) and the phytoplankton species Schizocystia pilosa and 221 
Polyedryxium condensum in the upper part of the Los Espejos Formation. Streelispora 222 
newportensis is one of the index species of the early Lochkovian MN Biozone defined 223 
by Richardson and McGregor (1986) for the Old Red Sandstone continent, and also of 224 
the equivalent micrornatus-newportensis Biozone erected by Streel et al. (1987). This 225 
species was also recorded in the Peri-Gondwanan terrane of Spain (Richardson et al., 226 
2001) and the Moesian Terrane (Steemans and Lakova, 2004). The miospores 227 
Dibolisporites echinaceus and Breconisporites sp. from the lower part of the Talacasto 228 
section, would be consistent with that age. 229 
In a recent contribution of García Muro et al. (2017), a comprehensive revision 230 
of previous palynological data was performed, and new palynological assemblages from 231 
the Talacasto Formation and the lower part of the Punta egra Formation, from 232 
different localities, were studied. The lower 15 m of the Talacasto Formation at the 233 
Cerro La Chilca locality yielded palynomorph taxa suggesting a Lochkovian s.l. age, 234 
such as Schizocystia pilosa and Winwaloeusia distracta (Deunff) Deunff 1977, and the 235 
trilete spore Dictyotriletes emsiensis Morphon. The upper 850 m of the sequence 236 
yielded organic-walled microphytoplankton species such as Palacanthus ledanoisii and 237 
Polyedryxium cf. P. decorum, and spores such as Dictyotriletes favosus McGregor and 238 
Camfield 1976 and ?Knoxisporites riondae, that would indicate a Pragian to late 239 
Pragian age. According to these findings, the Lochkovian/Pragian boundary would 240 
occur in the lowest 15 m of the Talacasto Formation at the Cerro La Chilca locality. 241 
These results would contradict the age assigned to the stratigraphic unit based on fauna 242 
evidence, in which the Lochkovian/Pragian boundary was generally located hundreds of 243 
meters above the base of the Talacasto Formation and the uppermost part of the unit 244 
was assigned to the Emsian (Herrera, 1993, 1995). 245 
The lowermost level of the Talacasto Formation studied herein, located 2 m 246 
below the guide horizon of Keidel at the Loma de los Piojos locality, yielded a few 247 
poorly preserved palynomorphs. However, a specimen of ?Knoxisporites riondae and a 248 
specimen of cf. Verrucosisporites sp. were recorded. The oldest record of 249 















“post-Ludlow-Pridoli?” or, most probably, as earliest Lochkovian by Cramer and Diéz 251 
(1975) and Rodriguez (1978). Nevertheless, no megafossil independent age control was 252 
available. It is noteworthy that ?Knoxisporites riondae is a common species in the 253 
Pragian/Emsian boundary in Gondwanan and peri-Gondwanan regions (e.g. Steemans, 254 
1989; Breuer and Steemans, 2013).  255 
The sample from Keidel’s horizon (level 2) did not provide recognizable 256 
palynomorphs, although some phytoclasts and possible miospores were recorded. The 257 
remaining section, that consists of the upper 248 m, yielded some miospore specimens, 258 
such as cf. Acinosporites sp., Dibolisporites sp., Dictyotriletes sp., and cf. 259 
Dibolisporites echinaceus. Even though these taxa are already present in the 260 
Lochkovian and some of them extend higher in the Devonian, their occurrence would 261 
not contradict a possible late Pragian age suggested for the lowermost studied levels.  262 
The uppermost studied level (15) from the Talacasto Formation yielded 263 
miospores such as Dictyotriletes emsiensis Morphon, Cymbohilates sp. and 264 
Apiculiretusispora sp., as well as additional specimens of ?Knoxisporites riondae (Fig. 265 
3). This assemblage would be consistent with a late Pragian age proposed for the lower 266 
levels that were sampled herein, especially due to the presence of ?Knoxisporites 267 
riondae and the lack of taxa that first appear in the Emsian. Moreover, it should be 268 
considered that equivalent levels of the Talacasto Formation above Keidel’s horizon at 269 
the Cerro La Chilca locality were also interpreted as late Pragian based on 270 
palynomorphs (García Muro et al., 2017). Thus, the Emsian age assigned for the upper 271 
part of the Talacasto Formation based on faunal evidence (e.g. Herrera, 1993), would 272 
not be supported by the palynomorphs recorded at the Loma de los Piojos locality. Le 273 
Hérissé et al. (1997) proposed an Emsian age for strata located 112 m above the 274 
boundary with the underlying Los Espejos Formation at the northern Cerro del Fuerte 275 
locality. However, this age was based on doubtfully classified chitinozoans that need 276 
further revision. Consequently, the Emsian age for the Talacasto Formation is not based 277 
on trustworthy biostratigraphic data. 278 
Rubinstein (1999, 2000) dated the Punta Negra Formation exposed in the 279 
northern margin of the Talacasto Creek as Eifelian-Givetian based on badly preserved 280 
palynomorphs, of which some were misidentified, such as Arkonites bilixus Legault 281 















(Taugourdeau-Lantz) Richardson and McGregor 1986 (Rubinstein, 1999, p. 15; figure 283 
2). According to Rubinstein (2000), the presence of chitinozoans doubtfully assigned as 284 
Fungochitina pilosa (Collinson and Scott, 1958) and ?Ancyrochitina langei (Sommer 285 
and van Boekel, 1964) would point to a middle-late Givetian age. Moreover, the 286 
acritarch identified as Bimerga bensonii Wood 1995 was considered as an element 287 
confirming the Middle Devonian age (Rubinstein, 2000); yet, a taxonomic revision 288 
reassigned it to Bimerga paulae Le Hérissé 2011, restricting its stratigraphic range to 289 
the Pragian-Emsian interval (Le Hérissé, 2011; Daners et al., 2017; Rubinstein et al., in 290 
press). Thus, a reappraisal of these assemblages suggests an age not younger than 291 
Emsian for the bearing levels. According to García Muro et al. (2017), the lowest part of 292 
the Punta Negra Formation (40 m), close to the sample location of Rubinstein (1999, 293 
2000), in the Talacasto Creek, would not be older than Early Emsian in age due to the 294 
occurrence of marine palynomorphs such as Navifusa bacilla (Molyneux et al., 1996; 295 
Fatka and Brocke, 2008). 296 
The shales and mudstones from the lower part of the Punta Negra Formation at 297 
Loma de los Piojos yielded poorly preserved palynomorphs, some of which could be 298 
reworked. Such is the case of the cryptospore Artemopyra brevicosta, recorded in level 299 
17, which ranges worldwide from the Wenlock to the Lochkovian (Steemans et al., 300 
2007). The trilete miospore Emphanisporites protophanus, recorded in level 27, could 301 
also be reworked, as its younger records correspond to the Pridoli (Steemans et al., 302 
2007). Therefore, the basal part of the formation could not be accurately dated based on 303 
the palynomorphs hereby recognized.  304 
Cymbosporites proteus, recorded in level 32, first appears in the Lochkovian 305 
MN Zone (Richardson and McGregor, 1986; Streel et al., 1987; Steemans, 1989) and 306 
ranges up to the Emsian (McGregor and Camfield, 1976; Rodriguez, 1978). However, 307 
no Emsian stratigraphic markers were found in this part of the unit and, consequently, 308 
an age younger than Pragian cannot be assumed. 309 
In level 33 from the Punta Negra Formation, two specimens of Bimerga paulae 310 
were recorded. As stated above, this Gondwanan species would have a short 311 
biostratigraphic distribution corresponding to the late Pragian-early Emsian, with 312 
records in Brazil (e.g. Le Hérissé, 2011; Mendlowicz Mauller et al., 2007), Bolivia -as 313 















(Rubinstein, 2000)- and Uruguay (Daners et al., 2017; Rubinstein et al., in press). Le 315 
Hérissé (2011) also pointed out that B. bensonii would be typically recorded in younger 316 
ages, from the late Eifelian to the Givetian strata, and that the specimen of B. paulae 317 
recognized by Lange (1967) in the Famennian of the Amazonas Basin in Brazil could 318 
be considered as reworked. Therefore, the occurrence of B. paulae in level 33 would 319 
indicate an age restricted to the late Pragian/early Emsian for this part of the unit, 320 
approximately 210 m above the base of the Punta Negra Formation in the Loma de los 321 
Piojos section (Fig. 2).  322 
A single specimen of Latosporites sp. 1 in Breuer and Steemans (2013) was 323 
recorded upward in the section of the Punta Negra Formation, in level 34. According to 324 
these authors, this species first appears in the Eifelian, wheras L. ovalis is constrained to 325 
the Pragian-Emsian. However, Latosporites sp. 1 in Breuer and Steemans (2013) is only 326 
known from Saudi Arabia, thus inhibiting its biostratigraphic use. The other recorded 327 
species from the same level, such as Archaeozonotriletes chulus, Cymatiosphaera sp., 328 
Polyedryxium sp. and the Veryhachium trispinosum Group, are not germane for 329 
determining a precise age. 330 
Riculasphaera fissa, a species formerly considered to be restricted to the 331 
Lochkovian (e.g. Loeblich and Drugg, 1968; Loeblich and Wicander, 1976; Wicander, 332 
1986;  Limachi et al., 1996; Rubinstein et al., 2008; Vavrdová et al., 2011), was 333 
recorded in level 35. This species was also recognized in the Pragian of the Talacasto 334 
Formation (García Muro et al., 2017); thus, this findings would confirm a younger 335 
stratigraphic range for this species. Interestingly, Turnau and Racki (1999) illustrate a 336 
Pterospermella sp. (Plate IV, 15; p. 260) in the Givetian of Poland that actually seems 337 
to correspond to a Riculasphaera fissa specimen, similar to those illustrated by 338 
Rubinstein et al. (2008; fig. 7, 4; p. 180). 339 
Few biostratigraphically relevant species, such as Navifusa bacilla in level 37, 340 
?Knoxisporites riondae in level 38 and Chelinospora verrucata Morphon in level 39, 341 
appear upward in the section. Navifusa bacilla is known in Devonian strata since the 342 
Emsian (Molyneux et al., 1996; Fatka and Brocke, 2008; Grahn et al., 2013) and C. 343 
verrucata Morphon last appears in the Emsian (McGregor and Camfield, 1976; García-344 
Muro et al., 2014b and references therein). Thus, the stratigraphic interval from levels 345 















at 230 m above the base of the Punta Negra Formation, would be restricted to the 347 
Emsian. 348 
Level 40 corresponds to the location in which the trilobite Acanthopyge 349 
bolliviani was collected (Rustán and Vaccari, 2010a; Salas et al., 2013). This taxon is 350 
considered Middle Devonian in South America (Salas et al., 2013 and references 351 
therein). Even though the few and poorly preserved spores herein recognized, such as 352 
cf. Acinosporites sp., Dibolisporites sp. and Dictyotriletes sp., are not useful to 353 
accurately date this level, the occurrence of Schizocystia pilosa would not support an 354 
age younger than Early Devonian (García Muro et al., 2017 and references therein). 355 
The upper part of the section contains palynomorphs that would point to an 356 
Early Devonian age. The acritarch species Veryhachium trispininflatum, and the 357 
miospore Raistrickia sp., are the most relevant taxa from level 41. The uppermost levels 358 
yielded a few badly preserved palynomorphs with no biostratigraphic value, such as 359 
Lophosphaeridium sp. and Veryhachium trispinosum Group. 360 
4.2. Keidel´s guide horizon and age correlations of the Devonian stratigraphic units 361 
The new palynological information provided here has significant implications, 362 
particularly regarding the age and the stratigraphic relationships of Keidel´s guide 363 
horizon and the boundary between the Talacasto and the Punta Negra formations. 364 
Keidel´s guide horizon was interpreted to be located around the Pragian-Emsian 365 
boundary. This horizon, which constitutes the top of the Talacasto Formation at its type 366 
locality at the Talacasto Creek, was initially referred to the earliest Emsian by Herrera 367 
(1993, 1995). Later, a late Pragian age for this bed, otherwise indicative of the top of 368 
assemblage biozone B of Herrera, was favored by Herrera (1995) based on the 369 
brachiopod Australostrophia penoensis Herrera, 1995. However, an early Emsian age 370 
was not excluded when considering the evolutionary stage of development of the 371 
median septum in this taxon. The presence of the chitinozoan Bulbochitina bulbosa 372 
(Paris 1981) in the upper part of the Talacasto Formation, in the Talacasto Creek, was 373 
mentioned by Le Hérissé et al. (1997). This finding would support a late Pragian age for 374 
this part of the unit because Bulbochitina bulbosa is the index species of the 375 
homonymous Interval Range Biozone (Paris et al., 2000). The palynological evidences 376 















supporting therefore a late Pragian age for such stratigraphic reference, very useful in 378 
the field. Additionally, this bed was correlated (Rustán and Vaccari, 2010b) with the 379 
seismic ‘‘marker’’ 4 of the SG Vll from the base of the Emsian in Bolivia (Albariño et 380 
al., 2002, p. 53), which has been related to a sudden rise of relative sea level after a 381 
strong eustatic fall displayed during the Pragian (Albariño et al., 2002; Álvarez et al., 382 
2003). 383 
This age constraining of the Keidel´s bed, enables alternative interpretations of 384 
the stratigraphic relationships between units conforming the Gualilán Group. According 385 
to the most accepted stratigraphic scheme, as shown in recent faunalistic contributions 386 
by Rustán and collaborators, layers immediately overlying the Keidel´s bed are laterally 387 
equivalents despite the changes of facies. However, recent palynological evidence 388 
suggests different ages for the layers overlying the Keidel´s bed from south to north. An 389 
Emsian age was suggested for the purple and green pelites in the southern Talacasto 390 
Creek area corresponding to the base of the Punta Negra Formation. Although, at 391 
northern sections, a probably late Pragian age is assumed for the uppermost greenish 392 
mudstones in the Cerro La Chilca section (García Muro et al, 2017) and for the greenish 393 
gray siltstones and very fine sandstones at the Loma de los Piojos section (this 394 
contribution), both corresponding to the upper part of the Talacasto Formation. In this 395 
last interpretation, a stratigraphic hiatus immediately above the Keidel´s bed should be 396 
invoked to explain the diachronism in layers in such a stratigraphic position along the 397 
basin.  398 
This alternative hypothesis suggests that the base of the Punta Negra Formation 399 
would not be so broadly diachronic, so that the lowest purple and green pelites from the 400 
Talacasto Creek would be lateral equivalents to the green pelitic lowest interval of the 401 
Punta Negra Formation at the Loma de los Piojos section (levels 16 to 32 in this 402 
contribution). Meanwhile, they would not have equivalent stratigraphic records in the 403 
Cerro La Chilca section due to the erosion by the basal discordance of the 404 
Carboniferous Guandacol Formation. This could explain the absence of late Pragian 405 
layers overlying Keidel´s horizon in the Talacasto Creek locality, but its occurrence in 406 
the Cerro La Chilca section (García Muro et al., 2017), and to the north at the Loma de 407 
los Piojos section (Fig. 11). Further work is necessary in order to confirm this new 408 
stratigraphic proposal. Although based on scarse palynological information, it will have 409 















(1993, 1995). The pioneering biostratigraphic proposals by Herrera allowed the 411 
recognition of Lochkovian and Pragian ages in the Precordillera strata of the Gualilán 412 
Group that was previously considered exclusively Emsian. New palynological 413 
observations suggest that, particularly the Pragian, would be extensively represented. 414 
Additional implications of data presented herein involve the Middle Devonian 415 
age proposed for the Punta Negra Formation in the Loma de los Piojos section, based on 416 
the occurrence of the trilobite Acanthopyge (Lobopyge) balliviani nearly 245 m above 417 
the base of the unit (Rustán and Vaccari, 2010a;  Salas et al., 2013). Although the few 418 
and badly preserved palynomorphs herein recorded would not provide enough 419 
evidences to support a Middle Devonian age for this part of the section. In contrast, a 420 
possible Emsian age should not be excluded. Such a putative Emsian assignment would 421 
imply the first Lower Devonian reference for the trilobite A. (L.) balliviani, otherwise 422 
considered a Middle Devonian guide fossil in Bolivia. Besides, it would confirm the 423 
Emsian age based on brachiopods by Herrera and Bustos (2001) from equivalent layers 424 
in the Río de las Chacritas section, to the southwest of the basin. 425 
5. Conclusions 426 
The palynomorphs from the upper part of the Talacasto Formation, above 427 
Keidel’ horizon, and the complete Punta Negra Formation, both from the Loma de los 428 
Piojos locality, were studied. 429 
The upper part of the Talacasto Formation mainly yielded terrestrial 430 
palynomorphs that would suggest an age not younger than late Pragian.  431 
The Punta Negra Formation contained a more diverse palynological assemblage, 432 
with more marine than terrestrial taxa. The lower pelitic part of the Punta Negra 433 
Formation yielded a few and badly preserved palynomorphs consistent with the late 434 
Pragian age proposed for the underling Talacasto Formation. Upwards in the section, in 435 
level 33, the late Pragian/early Emsian Bimerga paulae appears. The record of Navifusa 436 
bacilla, ?Knoxisporites riondae, and Chelinospora verrucata Morphon in the interval 437 
between levels 37 and 39 would confirm an Emsian age for this part of the unit. The 438 
palynological assemblages of the uppermost part of the stratigraphic section did not 439 















Accordingly, based on palynological evidence, the age of the Keidel guide 441 
horizon is now constrained to the late Pragian. In a newly proposed stratigraphic 442 
interpretation, the stratigraphic interval immediately above Keidel´s horizon, would be 443 
Emsian in the southern sections, near Talacasto Creek, corresponding to the base of 444 
Punta Negra Formation, and to the late Pragian in the northern sections, near Jáchal, 445 
corresponding to the upper part of the Talacasto Formation.  446 
Although the new biostratigraphic palynological data presented herein, 447 
encourage new stratigraphic interpretations for the units conforming the Gualilán 448 
Group, biostratigraphic information is still scarce and preliminary. Further work is still 449 
necessary to definitively date and correlate these formations in different parts of the 450 
Precordillera basin. 451 
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Appendix 822 
Organic-walled microphytoplankton 823 
Ammonidium sp. (Fig. 7.B) 824 
cf. Baculatireticulatus sp. (Fig. 7.G) 825 
Bimerga paulae Le Hérissé 2011 (Fig. 7.I and 7.J) 826 
Cordobesia oriental Pöthé de Baldis 1977 (Fig. 7.L) 827 
Cymatiosphaera aff. C. ledburica in Mullins (2001) (Fig. 7.M) 828 
Cymatiosphaera mirabilis Deunff 1959 (Fig. 7.N) 829 
Cymatiosphaera multisepta Deunff 1955 (Fig. 7.O) 830 
Cymatiosphaera prismatica (Deunff) Deunff 1961 (Fig. 8.O) 831 
Cymatiosphaera salopensis Mullins 2001 (Fig. 7.P) 832 
Cymatiosphaera spp. 833 
 Dictyotidium dictyotum (Eisenack) Eisenack 1955 834 















Dictyotidium sp. (Fig. 8.B) 836 
Diexallophasis remota Group Mullins 2001 837 
Divietipellis sp. (Fig. 8.C and 8.D) 838 
Dorsennidium rhomboidium (Downie) Stancliffe and Sarjeant 1996 (Fig. 8.E) 839 
Dorsennidium spp. 840 
Dupliciradiatum tenue González, Moreno and Playford 2005 (Fig. 8.F) 841 
Duvernaysphaera aranaides Cramer 1964 (Fig. 8.G) 842 
cf. Duvernaysphaera wilsonii Deunff 1964 (Fig. 8.H) 843 
Estiastra culcita Wicander 1974 (Fig. 8.K) 844 
Estiastra sp. in Ottone (1996) (Fig. 8.L) 845 
Estiastra sp. (Fig. 8.M) 846 
Evittia sanpetrensis (Cramer) Lister 1970 (Fig. 8.N) 847 
Fimbriaglomerella divisa Loeblich and Drugg 1968 (Fig. 8.P) 848 
Gorgonisphaeridium sp. (Fig. 8.Q) 849 
Hoegklintia cf. H. longispina Pöthé de Baldis 1998 (Fig. 8.S) 850 
Leiofusa bernesgae Cramer 1964 (Fig. 9.B) 851 
Leiosphaeridia spp. 852 
Lophosphaeridium spp. 853 
Melikeriopalla polygonia (Staplin) Mullins 2001 854 
Micrhystridium spp. (Fig. 6.L) 855 
Multiplicisphaeridium cf. M. rochesterense (Cramer and Díez) Eisenack et al. 1973 856 
(Fig. 9.C) 857 















Navifusa bacilla (Deunff) Playford 1977 (Fig. 9.E) 859 
Neoveryhachium carminae (Cramer) Cramer 1970 860 
Palacanthus ledanoisii (Deunff) Playford 1977 (Fig. 9.F) 861 
Palacanthus stelligerum (Deunff) Stancliffe and Sarjeant 1996 (Fig. 9.G) 862 
?Polyedryxium asperum Cramer 1964 (Fig. 9.H)   863 
Polyedryxium embudum Cramer 1964 (Fig. 9.K) 864 
Polyedryxium cf. P. condensum Deunff 1971 (Fig. 9.I) 865 
Polyedryxium cf. P. decorum Deunff 1955 (Fig. 9.J) 866 
Polyedryxium evolutum Deunff 1955 (Fig. 9.L) 867 
Polyedryxium helenaster Cramer 1964 868 
Polyedryxium robustum Deunff 1971 (Fig. 9.M) 869 
Polyedryxium simplex Deunff 1955 (Fig. 9.N) 870 
Polyedryxium sp. (Fig. 9.O) 871 
Pterospermella hermosita (Cramer) Fensome et al. 1990 (Fig. 9.P) 872 
Pterospermella spp. 873 
Quadraditum fantasticum Cramer 1964 (Fig. 9.Q) 874 
cf. Riculasphaera fissa Loeblich and Drugg 1968 (Fig. 10.B) 875 
Schismatosphaeridium longhopense Dorning 1981 (Fig. 10.C) 876 
Schismatosphaeridium sp. B in Le Hérissé (1989) (Fig. 10.D) 877 
Stellinium micropolygonale (Stockmans and Williere) Playford 1977 (Fig. 10.H) 878 
Stellinium rabians (Cramer) Eisenack et al. 1976 (Fig. 10.I) 879 
Veryhachium lairdii Group sensu Servais et al. 2007 880 















Veryhachium trispinosum Group Servais et al. 2007 (Fig. 6.P) 882 
Villosacapsula setosapellicula (Loeblich 1970) Loeblich and Tappan 1976 (Fig. 10.O) 883 
cf. Visbysphaera sp. A in Richards and Mullins (2003) (Fig. 10.P) 884 
Fresh water acritarchs  885 
Quadrisporites horridus (Hennelly) Potonié and Lele 1961 (Fig. 9.R) 886 
Quadrisporites variabilis (Cramer) Ottone and Rossello 1996 (Fig. 9.S) 887 
Quadrisporites sp. (Fig. 10.M) 888 
Schizocystia pilosa Jardiné et al. 1972 (Fig. 10.E) 889 
Schizocystia saharica Jardiné et al. 1974 (Fig. 10.F) 890 
Miospores 891 
Acinosporites sp. (Fig. 7.A) 892 
cf. Acinosporites sp. (Fig. 6.A) 893 
Ambitisporites avitus Morphon Steemans et al. (1996) (Fig. 7.C) 894 
Ambitisporites tripapillatus Moreau-Benoit 1976 (Fig. 7.D) 895 
Ambitisporites sp. (Fig. 6.B) 896 
Apiculiretusispora plicata (Allen) Streel 1967 (Fig. 7.E) 897 
Apiculiretusispora sp. (Fig. 6.C) 898 
Archaeozonotriletes chulus (Cramer) Richardson and Lister 1969 899 
cf. Archaeozonotriletes chulus (Cramer) Richardson and Lister 1969 (Fig. 6.D) 900 
Archaeozonotriletes spp. 901 
Artemopyra brevicosta Burgess and Richardson 1991 (Fig. 7.F) 902 
Brochotriletes foveolatus Naumova 1953 (Fig. 7.H) 903 















Chelinospora spp. 905 
Cymbohilates sp. (Fig. 6.E) 906 
Cymbosporites proteus McGregor and Camfield 1976 (Fig. 7.Q) 907 
cf. Cymbosporites verrucosus Richardson and Lister 1969 (Fig. 7.R) 908 
Cymbosporites spp. (Fig. 6.F; Fig. 7.S) 909 
Dibolisporites echinaceus (Eisenack) Richardson 1965 (Fig. 6.G) 910 
Dibolisporites spp. (Fig. 6.H) 911 
Dictyotriletes emsiensis Morphon Rubinstein et al. (2005) (Fig. 6.I) 912 
Dictyotriletes sp. (Fig. 6.J) 913 
Emphanisporites protophanus Richardson and Ioannides 1973 (Fig. 8.I) 914 
Emphanisporites rotatus (McGregor) McGregor 1973 (Fig. 8.J) 915 
Gneudnaspora divellomedia (Chibrikova) Balme 1988 var. minor Breuer et al. 2007 916 
Hispanaediscus cf. H. verrucatus (Cramer) Burgess and Richardson 1991 (Fig. 8.R) 917 
?Knoxisporites riondae Cramer and Díez 1975 (Fig. 6.K and 8.T) 918 
Latosporites sp. 1 in Breuer (2007) (Fig. 9.A) 919 
Raistrickia sp. (Fig. 9.T) 920 
Retusotriletes spp. (Fig. 10.A) 921 
cf. Retusotriletes sp. (Fig. 6.N) 922 
cf. Scylaspora sp. (Fig. 10.G) 923 
Synorisporites lybicus Richardson and Ioannides 1973 (Fig. 10.J) 924 
Synorisporites verrucatus Richardson and Lister 1969 (Fig. 10.K) 925 
















cf. Verrucosisporites sp. (Fig. 6.O) 928 
 929 
Captions 930 
Table. 1. Samples studied per level. Identification number for the samples prepared in 931 
the University of Liège, Belgium and in the Palaeopalynology Laboratory of IANIGLA, 932 
CCT CONICET Mendoza, Argentina. Fm.: Formation. 933 
Fig. 1. Location and geological map of the study area of Loma de los Piojos. Map 934 
modified from García Muro and Rubinstein (2015) and García Muro et al. (2017).  935 
Fig. 2. Stratigraphic section of the upper part of the Talacasto Formation and the Punta 936 
Negra Formation at the Loma de los Piojos locality, with the locations of studied 937 
samples. 938 
Fig. 3. Stratigraphic distribution of organic-walled microphytoplankton, fresh water 939 
acritarchs (f.w.a.) and miospores in the Talacasto Formation at the Loma de los Piojos 940 
section. The black rectangles indicate species presence; the grey rectangles are 941 
questionable occurrences.  942 
Fig. 4. Stratigraphic distribution of the organic-walled microphytoplankton in the Punta 943 
Negra Formation at the Loma de los Piojos section. The black rectangles indicate 944 
species presence; the grey rectangles are questionable occurrences. *: in Le Hérissé 945 
(1989); -: in Ottone (1996); +: in Richards and Mullins (2003); º: in Mullins (2001). 946 
Fig. 5. Stratigraphic distribution of fresh water acritarchs (f.w.a.) and miospores in the 947 
Punta Negra Formation at the Loma de los Piojos section. The black rectangles indicate 948 
species presence; the grey rectangle are questionable occurrences. ●: in Breuer (2007). 949 
Fig. 6. Recorded species from the Talacasto Formation.  950 
(A) cf. Acinosporites sp., sample 3-9932D (W25/3) 951 
(B) Ambitisporites sp., sample 15-9943E (G46/2) 952 
(C) Apiculiretusispora sp., sample 15-9943E (M27/3) 953 















(E) Cymbohilates sp., sample 15-9943E (K25/1) 955 
(F) Cymbosporites sp., sample 15-9943E (G30) 956 
(G) Dibolisporites echinceus. sample 15-9943E (O43/3) 957 
(H) Dibolisporites sp., sample 15-9943C (B32) 958 
(I) Dictyotriletes emsiensis Morphon, sample 15-9943D (G34/2) 959 
(J) Dictyotriletes sp., sample 15-9943E (L38/4) 960 
(K) ?Knoxisporites riondae, sample 15-9943E (M27) 961 
(L) Micrhystridium sp., sample 15-9943E (F28/3) 962 
(M) Multiplicisphaeridium sp., sample 15-9943E (F28/3) 963 
(N) cf. Retusotriletes sp., sample 15-9943D (L32/4) 964 
(O) cf. Verrucosisporites sp., sample 1-9930D (O26/2) 965 
(P) Veryhachium trispinosum Group, sample 15-9943E (K34/2) 966 
Scale bar = 20 µm. 967 
Fig. 7. Recorded species from Punta Negra Formation 968 
(A) Acinosporites sp., sample 41-73812 (C33/3) 969 
(B) Ammonidium sp., sample 37-73824 (Q50) 970 
(C) Ambitisporites avitus Morphon, sample 36-73823 (K31/4) 971 
(D) Ambitisporites tripapillatus, sample 37-73824 (S38/4) 972 
(E) Apiculiretusispora plicata, sample 37-73829 (J32/1) 973 
(F) Artemopyra brevicosta, sample 17-73782 (X34/2) 974 
(G) cf. Baculatireticulatus sp., sample 34-73788 (O45/3) 975 
(H) Brochotriletes foveolatus, sample 41-73819 (E34/1) 976 















(K) Chelinospora verrucata Morphon, sample 39-73826 (K29/1) 978 
(L) Cordobesia oriental, sample 33-10091C (J21/2) 979 
(M) Cymatiosphaera aff. C. ledburica, sample 36-73823 (O48/4) 980 
(N) Cymatiosphaera mirabilis, sample 36-73823 (J50) 981 
(O) Cymatiosphaera multisepta, sample 37-73829 (S48/2) 982 
(P) Cymatiosphaera salopensis, sample 33-73822 (G41/2) 983 
(Q) Cymbosporites proteus, sample 32-73787 (C35/1) 984 
(R) cf. Cymbosporites verrucosus, sample 38-73825 (T37) 985 
(S) Cymbosporites sp., sample 36-73823 (E36/1) 986 
Scale bar = 20 µm. 987 
Fig. 8. Recorded species from Punta Negra Formation 988 
(A) Dictyotidium variatum, sample 37-73824 (D39/3)  989 
(B) Dictyotidium sp., sample 32-73787 (S40/4) 990 
(C) Divietipellis sp., sample 33-73894 (H25/4) 991 
(D) Divietipellis sp., sample 37-73824 (J34) 992 
(E) Dorsennidium rhomboidium, sample 32-73787 (U43/1) 993 
(F) Dupliciradiatum tenue, sample 33-73894 (R26/4) 994 
(G) Duvernaysphaera aranaides, sample 32-73787 (J33/4) 995 
(H) cf. Duvernaysphaera wilsonii, sample 37-73824 (C34/2) 996 
(I) Emphanisporites protophanus, sample 27-73833 (M32/1) 997 
(J) Emphanisporites rotatus, sample 41-73812 (F35/1) 998 
(K) Estiastra culcita, sample 33-73894 (U29) 999 















(M) Estiastra sp., sample 36-73823 (D37/1) 1001 
(N) Evittia sanpetrensis, sample 37-73824 (U49/2) 1002 
(O) Cymatiosphaera prismatica, sample 37-10095E (W22)  1003 
(P) Fimbriaglomerella divisa, sample 32-73786 (U38/1) 1004 
(Q) Gorgonisphaeridium sp., sample 36-73823 (X36/2) 1005 
(R) Hispanaediscus cf. H. verrucatus, sample 36-73823 (S47/1) 1006 
(S) Hoegklintia cf. H. longispina, sample 33-73894 (W48/3) 1007 
(T) ?Knoxisporites riondae, sample 40-73814 (O31/1) 1008 
Scale bar = 20 µm. 1009 
Fig. 9. Recorded species from Punta Negra Formation 1010 
(A) Latosporites sp. 1, sample 34-73788 (T40)  1011 
(B) Leiofusa bernesgae, sample 37-73824 (F41/2) 1012 
(C) Multiplicisphaeridium cf. M. rochesterense, sample 37-73829 (K30/1) 1013 
(D) Multiplicisphaeridium sp., sample 36-73823 (V33) 1014 
(E) Navifusa bacilla, sample 37-73824 (U43/4) 1015 
(F) Palacanthus ledanoisii, sample 37-73824 (S45/4) 1016 
(G) Palacanthus stelligerum, sample 41-73812 (X46/1) 1017 
(H) ?Polyedryxium asperum, sample 37-73824 (N48/3) 1018 
(I) Polyedryxium cf. P. condensum, sample 35-73790 (H29/4) 1019 
(J) Polyedryxium cf. P. decorum, sample 37-73824 (P44/3) 1020 
(K) Polyedrydium embudum, sample 36-73823 (F45/4) 1021 
(L) Polyedryxium evolutum, sample 36-73823 (M48) 1022 















(N) Polyedryxium simplex, sample 36-73823 (S28/2) 1024 
(O) Polyedryxium sp., sample 36-73828 (P39/3) 1025 
(P) Pterospermella hermosita, sample 33-73894 (N36/1) 1026 
(Q) Quadraditum fantasticum, sample 27-73833 (X31/2) 1027 
(R) Quadrisporites cf. Q. horridus, sample 35-73790 (R49/1) 1028 
(S) Quadrisporites variabilis, sample 37-73824 (J33/1) 1029 
(T) Raistrickia sp., sample 41-73812 (K41) 1030 
Scale bar = 20 µm. 1031 
Fig. 10. Recorded species from Punta Negra Formation 1032 
(A) Retusotriletes sp., sample 41-73812 (E48) 1033 
(B) cf. Riculasphaera fissa, sample 35-73790 (Q51/2) 1034 
(C) Schismatosphaeridium longhopense, sample 27-73833 (X31/3) 1035 
(D) Schismatosphaeridium sp. B, sample 33-73827 (U35/1) 1036 
(E) Schizocystia pilosa, sample 40-73814 (R34/1) 1037 
(F) Schizocystia saharica, sample 35-73790 (V38/2) 1038 
(G) cf. Scylaspora sp., sample 33-73894 (M45/4) 1039 
(H) Stellinium micropolygonale, sample 32-73786 (K35) 1040 
(I) Stellinium rabians, sample 37-73824 (M44/3) 1041 
(J) Synorisporites lybicus, sample 27-73833 (O51) 1042 
(K) Synorisporites verrucatus, sample 27-73833 (M37/3) 1043 
(L) Tetrahedraletes medinensis var. parvus, sample 27-73833 (O30/3) 1044 
(M) Quadrisporites sp., sample 35-73789 (R38/1) 1045 















(O) Villosacapsula setosapellicula, sample 37-73824 (G34) 1047 
(P) cf. Visbysphaera sp. A, sample 33-73827 (G29/2) 1048 
Scale bar = 20 µm. 1049 
Fig. 11. Correlation scheme of the studied sections of the Gualilán Group based on 1050 
phytoplankton and miospores assemblages (García Muro et al., 2017 and this 1051 
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• Devonian palynological assemblages from the Argentinian Precordillera are 
presented 
• Marine and terrestrial palynomorphs suggest a late Pragian to Emsian age 
• The age of the guide horizon of Keidel is constrained to the late Pragian 
• Palynological data enable a new biostratigraphic frame for the Devonian units 
 
